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Description 

The invention relates to analytical methods for 
detecting and identifying the presence of a target 
microorganism, such as a bacterium in a test sam- 
ple. Principally, the invention pertains to the deter- 
mination of bacteria in areas related to health care, 
such as in the analysis of human excretory pro- 
ducts or body fluids, (i.e., urine, blood, feces) for 
the purpose of aiding diagnosis, or to detect bac- 
terial contamination in foodstuffs. In these and oth- 
er fields it is important to rapidly, accurately and 
economically detect the presence of specific bac- 
teria. 

There are many tests for determining the pres- 
ence of bacteria and identifying their type. The vast 
majority are based on the growth of bacterial cul- 
tures isolated from sample material containing un- 
identified bacteria. The specie or species of bac- 
teria that propagate themselves on a selective me- 
dium are then isolated and typed by microscopy, 
physiological tests, sensitivity to antibiotics, uptake 
of various stains, serology, etc. Many biological 
materials, such as for example food or skin, contain 
many kinds of bacteria. Most such organisms are 
not of central interest in respect to the aim of the 
tests (e.g., toxin production, pathogens, etc.). 
Therefore, most tests employ media that are as 
selective as possible and which allow the growth of 
bacteria whose presence is to be determined while 
trying to prevent the growth of as many as possible 
of those kinds of bacteria that are not of interest. 
Examples of such enrichment media are MacCon- 
key for enteric bacteria and thioglycollate broth for 
anaerobic organisms. 

By their very nature these tests are slow be- 
cause the relevant organism must be isolated be- 
fore it can be identified and checked for its anti- 
biotic sensitivities. These steps may take as much 
as several days and this period can be critical in 
regard to bacterial diseases of humans and ani- 
mals. 

Enumeration and identification of microorgan- 
isms as well as the determination of their suscepti- 
bility to antibiotics are the main goals of diagnostic 
medical microbiology. Numerous techniques, tests 
and media have been developed in order to 
achieve these goals. However, none of the cur- 
rently applied tests allow the fulfillment of these 
tasks by a short-term (i.e., minutes or hours) proce- 
dure. A total viable count of bacteria requires 18-24 
hrs using present state of the art methods. The 
estimation of microbial biomass through the deter- 
mination of adenosine triphosphate (ATP) content 
is not specific and does not allow the detection of 
less than 10 4 " 5 bacteria per ml. Enumeration of a 
specific species of bacteria usually requires selec- 
tive media and long periods of incubation. The final 



identification of the isolated colonies and the deter- 
mination of their antibiotic susceptibility often re- 
quires another cycle of growth and additional tests. 
Thus, the complete procedure for enumeration, 

5 identification and determination of antibiotic sus- 
ceptibility of bacteria normally requires several 
days. In contrast, to the more lengthy procedures 
currently available, modern medicine has long 
sought rapid diagnostic tools that would allow the 

70 rapid determination of the presence and identifica- 
tion of the bacteria causing an infection as well as 
information on their susceptibility to different anti- 
biotics in a matter of minutes or hours. 

A wide variety of alternative techniques have 

75 been investigated and developed in the continuing 
attempt to devise methods which overcome the 
numerous drawbacks of the conventional culture 
approach. Light microscopy is used to detect bac- 
teria in clinical specimens and can be used to 

20 differentiate between the major groups of bacteria. 
This technique however does not discriminate be- 
tween dead and living bacteria and the detection 
limit is usually above 10 7 cells/ml. Immunological 
methods have been successfully developed to de- 

25 tect specific species and genera which have sur- 
face antigens which are distinguishable by specific 
antibody binding, but such procedures require a 
relatively high concentration of bacteria and strain 
specific antibodies. 

30 Other tests have been developed based on 

detection of metabolic products of bacteria such as 
nitrites, nucleotides such as adenosine 
triphosphate, 14 C0 2 released from H C-labelled 
substrates, and specific enzymes. The disadvan- 

35 tages of these techniques are many and include: 
ATP can be degraded by enzymes in the test 
sample, ATP can originate from nonbacterial sour- 
ces such as tissues of the host, radioactive materi- 
als present a biohazard, and enzymes with similar 

40 activity can arise from the host. 

Particle counting instrumentation has also been 
applied to detection of bacteria. Such instrumenta- 
tion measures pertubations in an electrical current 
across a small orifice caused by the presence of 

45 particles in a fluid flowing through the orifice. Be- 
sides requiring the use of a complex and expensive 
apparatus, this method is highly nonspecific and 
requires a high level of care and particle-free con- 
ditions. 

so Other types of instrumentation measure the 
growth of bacteria in special liquid media. The 
instruments involved make periodic turbidimetric 
measurements of increases in turbidity indicating 
the presence of growing bacteria. Here again the 

55 method is non-specific and requires a high con- 
centration ( £10 7 cells/ml) of the bacteria in ques- 
tion. 
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In light of the foregoing summary of some 
demands and limitations of conventional microbi- 
ology, there is a continuing, long-felt need for a 
rapid, sensitive, accurate and economical technique 
and means for the specific quantitative determina- 
tion of living bacteria in the milieu in question. 
Despite the rapid advance of analytical techniques 
in closely related fields, as represented by the 
development of the radioimmunoassay, spec- 
trophotometry, fluorometry, microcalorimetry, and 
electrochemical techniques, the predominant tech- 
nique used in bacteriological testing remains plate 
culture. This technique today still involves many of 
the same materials and methods used by Pasteur 
and other early microbiologists of the 20th century. 

Among biological systems, genetic recombina- 
tion ordinarily does not occur between unrelated 
species of organisms. However, the new recom- 
binant DNA technologies now permit the transfer of 
genes between related or unrelated organisms. The 
possibility of genetic alteration of gene structure 
has particular application in the fields of industrial 
and medical microbiology. Diverse genetic informa- 
tion can now be gathered in vitro from various 
prokaryotic and eukaryotic sources in the form of 
DNA fragments and introduced into self-replicating 
genetic moieties known as cloning vectors. Alter- 
natively, DNA fragments, or even intact genes, can 
be constructed by synthetic chemical means to 
correspond to desired theoretical or known genetic 
sequences and then introduced into a selected 
vector. Bacterial plasm ids or bacteriophages are 
commonly used cloning vectors. Plasmids are 
autonomous extra-chromosomal genetic units con- 
sisting of circular strands of DNA which are found 
in most bacteria and some eukaryotes. Bac- 
teriophages are DNA viruses which parasitize only 
bacteria. Hybrid genetic vectors can then be intro- 
duced into selected microbial hosts, which in turn 
serve as potential factories for the production of 
large amounts of the cloned DNA. 

Transformed microorganisms often do not ex- 
press the foreign genetic information present in the 
cloning vector. Such non-expressing cloning vec- 
tors are desirable in those situations where expres- 
sion of the foreign genome could produce a prod- 
uct deleterious to the host organism. A non-ex- 
pressing or low-expressing cloning vector repre- 
sents a ready source of the foreign genetic material 
which can then be isolated and introduced in turn 
into a suitable expression vector (i.e., a specially 
prepared or selected plasm id). By use of tech- 
niques known to the art, the foreign DNA is placed 
in a suitable location in an expression vector where 
the indigenous genetic sequence is such that the 
foreign genetic information will be transcribed (i.e., 
mRNA produced from the foreign DNA) and trans- 
lated (i.e., protein synthesis from the mRNA tem- 



plate) and the desired product coded in the foreign 
DNA obtained. Transformed microorganisms con- 
taining such expression vectors serve as factories 
for the manufacture of the foreign-DNA product. 

s DNA can be cut in vitro at specific locations in 

preparation for insertion into an appropriate transfer 
vector by use of a class of enzymes known as 
restriction endonucleases. Restriction en- 
donucleases are site-specific endonucleases which 

70 primarily cleave double-stranded DNA, but in some 
instances cleave single-stranded DNA. For exam- 
ple, Class II restriction endonucleases cleave at 
specific sequences. In contrast, Class I restriction 
endonucleases appear to cleave DNA randomly 

75 and produce heterogeneous products. Various re- 
striction endonucleases produce DNA fragments of 
different lengths and types. For example, some 
restriction endonucleases cleave both DNA strands 
at the same point and produce the so-called "blunt 

20 end" DNA fragments. In contrast, other restriction 
endonucleases cleave one DNA strand several 
nucleotides away from the cleavage on the com- 
plimentary strand and produce "cohesive end" 
DNA fragments. Consequently, an accomplished 

25 practitioner of the recombinant DNA art can, by 
creative selection of endonucleases for treatment of 
subject DNA, obtain desired DNA fragments which 
can then be joined together by the action of a DNA 
ligase. For ligation purposes, it may be desirable to 

30 add nucleotides to the ends of cut DNA fragments 
and to add complementary deoxy ribonucleotides to 
the ends of the cloning vector (i.e., in the process 
known as homopolymeric tailing). Another general 
method for obtaining a desired DNA fusion product 

35 is the addition of "adapter" or "linker fragments" to 
the ends of either or both the cloning vector or the 
DNA fragments to be cloned. Linker fragments are 
small sections of DNA that contain one or more 
recognition sequences for restriction en- 

40 donucleases. Thus, the cutting and splicing of DNA 
containing genetic information is accomplished. 
The exact sequences of foreign DNA which has 
been cloned and inserted into a host microorgan- 
ism can be determined by DNA sequencing proce- 
ss dures. 

Foreign DNA material can be obtained for in- 
sertion into a transfer vector by several ways. For 
example, DNA fragments directly obtained from the 
parental source can be inserted into the appro- 

50 priate vector. Another method is to obtain mRNA 
from an active synthesis location in the parent 
system and to then enzymatically synthesize 
(reverse transcriptase) a single-stranded comple- 
mentary DNA strand from the isolated mRNA. A 

55 double-stranded DNA molecule is then synthesized 
from the single-stranded template. Double-stranded 
DNA obtained in this fashion is known as com- 
plementary DNA (cDNA). Once a desired DNA 
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sequence is known, genes can also be chemically 
synthesized in vitro for cloning/expression pur- 
poses in microbial, tissue, or cell culture systems. 

During recent years there has been dramatic 
progress in the area of molecular biology due to 
the advent of recombinant DNA technology. Some 
of these efforts have been directed towards di- 
agnostic tests. Various inherited disorders can be 
detected in human embryos, for example, and even 
the carrier state can be uncovered in parents not 
showing the disorder itself through the use of re- 
striction endonucleases and nucleic acid hybridiza- 
tion techniques. The ascertainment of the presence 
of a given type of bacterium using DNA or RNA 
specific probes and nucleic acid hybridization tech- 
nology is also under development. However, the 
use of novel genetic constructs, especially those 
made partly or wholly by artificial means (in vitro) 
to detect and identify the presence of Ipecific 
organisms has not been reported and is the basis 
of the present invention. A preferred embodiment 
of the invention employs the luminescent system 
from Vribio fischeri. However, the technique we 
have developed is by no means limited to that 
system. Any exogenous genetically-introduced sys- 
tem showing marked increase of expression in host 
bacteria whose presence or absence is to be deter- 
mined can also be used. 

The literature is replete with publications con- 
cerning bioluminescence and chemiluminescence 
(c.f., Bioluminescence in Action, P.J. Herring, ed., 
Academic Press, New York, NY 1978; 
Bioluminescence and Chemiluminescence, M.A. de 
Luca and W.D. McElroy, eds., Academic Press, 
New York, NY, 1981). United States Patents Nos. 
3,958,938; 3,470,373; 3,567,581 ; 3,959,081 ; 
3,567,586; and 4,144,134 relate to phosphores- 
cence and chemiluminescence. 

The literature treating various aspects of ge- 
netic engineering, and more particularly concerning 
recombinant DNA, is rapidly evolving. Various pat- 
ents have issued in the area related to vectors, 
recombinant compositions, methodology, and novel 
microorganisms. Examples of such patents are: US 
Patent Nos. 4,082.613; 4,184,917; 4,190.495; 
4,195,125; 4,237,224; 4.468,464; 4,259,444; 
4,262,090; 4,262,731; 4,273,874; 4,259,444; 
4,262,090; 4,262,731; 4,273,874; 4,321,365; 
4,399,216; 4,340,674; 4,506,013; 4,503,151; and 
4,504.584. U.S. Patent No. 3,930,956 involves the 
transfer of raw bacterial DNA to an auxotroph. The 
detection of phage-induced lysis of bacteria is de- 
scribed in U.S. Patent No. 4,104,126. 

In 1983 Engebrecht et al. (J. Engebrecht, K. 
Nealson and M. Silverman 1983, Bacterial 
Bioluminescence: Isolation and genetic analysis of 
functions from Vibrio fischeri, Cell 32:773-781 ) de- 
scribed a variety of recombinant~plasmids con- 



structed by ligating BamH1 restriction fragments of 
Vibrio fischeri (MJ-1) DNA with the plasmid 
pACYC184. These recombinant plasmids were in- 
troduced into E. coli where they expressed and 

5 produced luminescence at a level comparable to 
that of Vibrio fischeri. Additional publications con- 
cerning Tia^rlaTTuminescence include: Belas, R. 
et al. Sci. 218:791-3 (1982); Evans, J.F., et al. In 
vitro" synthe~siF of subunits of bacterial luciferase in 

;o an Escherichia coli system. J Bacteriol. 153:543- 
545( 1983); Engebrecht, J. and M. SilvermanTlden- 
tification of genes and gene products necessary for 
bacterial bioluminescence. Proc. Natl. Acad. Sci. 
USA, 81: 4154-4158 (1984); Engebrecht, J., et al. 

75 MeasuTing gene expression with light. Sci. 
227:1345-47 (1985). Luminescent systems not in- 
volving luciferase are known [DeSole, P., et a!., J. 
Clin. Lab. Automation 3: 391-400 (1983)]. Tn these 
publications there is no mention of making use of 

20 this technique for the determination of bacteria; nor 
to the best of our knowledge is the use of 
luminescing genetic elements for the determination 
of bacteria or other microorganisms suggested in 
any other publication. 

25 It is the object of the present invention to 

provide a short-term test that allows the specific 
identification of bacteria and other microorganisms 
in a test sample. 

Various plants and animals exhibit biological 

30 chemiluminescence. Bioluminescence is found in 
microorganisms [i.e., some bacteria (mostly marine 
forms, e.g., Vibrio fischeri), fungi, and 
dinoflagellates], insects (e.g., the firefly, Photinus 
pyradis), some crustaceans (i.e., Cypridine hilgen- 

35 dorfi), jellyfish, worms and other invertebrates and 
even in mammals. Although the biochemical 
mechanism of luminescence is known to vary (i.e., 
the luminescence system found in bacteria is dif- 
ferent from that found in fireflies and dinoflagel- 

40 lates), light production in living organisms is most 
frequently catalyzed by the enzyme luciferase. 
Bacterial luciferase is a mixed function oxidase, 
consisting of two different subunits each with a 
molecular weight of approximately 40,000 daltons. 

45 In the bacterium Vibrio fischeri , the synthesis 

of the enzymes participating in the luminescence 
system is regulated by a small sensory molecule, 
named autoinducer. During growth the autoinducer 
is accumulated in the growth medium. When the 

so autoinducer reaches a critical concentration, induc- 
tion of the luminescence system occurs, resulting 
in approximately 1000 fold increase in light produc- 
tion. 

The preferred element of the new test is a 
55 fragment of DNA carrying the luminescence sys- 
tem of a luminescent bacterium, usually a marine 
bacterium, e.g., Vibrio fischeri. 
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An extracellular DNA fragment carrying the lu- 
minescence genes does not, of course, luminesce 
but upon transferring it to a suitable living host by 
transduction the host's genetic and synthetic ma- 
chinery can utilize the DNA fragment thereby caus- 
ing light to be emitted. 

The introduction of DNA into a bacterial cell by 
bacteriophage infection (transduction) is usually 
limited with respect to the donor source: DNA 
transfer occurs among a group of strains of the 
same species or among closely related species. 
Some factors acting to limit such transfer include 
the presence of DNA restriction-modification sys- 
tems in many bacterial species and/or their strains, 
the dependence on host factors for the replication 
of the introduced DNA and appropriate bac- 
teriophage receptors in the bacterial wall upon 
which bacteriophage can adsorb and thereby prop- 
erly inject their genetic material into the host. 

Unlike transformation and conjugation, trans- 
duction is quite strain or species specific. Some 
bacteriophages infect several species of bacteria 
which are usually close relatives; most infect only a 
particular subset of strains of a single species. By 
using different kinds of strains of bacteriophage 
which infect subsets, it is possible to arrange the 
strains of a bacterial species into classification 
schemes. This is called phage typing. 

Recombinant DNA technology and molecular 
genetics allow the introduction of genes whose 
products are easily assay able. Thus, the introduc- 
tion of a gene such as lac z of Escherichia coli into 
a bacterium can lead lo expression of the~7ntro- 
duced gene. If for example a bacteriophage is used 
to introduce the gene, then the course of the sub- 
sequent infection can be measured by analyzing 
the extent of beta-galactosidase formation. Even 
though the bacterial cell itself may possess a gene 
for this enzyme, these measurements can be per- 
formed because the endogenous level can be de- 
pressed by appropriate media and the propagation 
of the bacteriophage genetic material leads to mul- 
tiple copies of the gene. 

Although numerous exogenous genetic sys- 
tems may be utilized in the invention, the lumines- 
cent system of Vibrio fischeri is particularly useful 
and illustrative of our method for ascertaining the 
presence or absence of a given bacterial species. 
Only a few bacterial species contain genes allowing 
them to convert chemical energy to light. Most of 
these species are marine. The vast majority of 
bacterial species do not contain such systems and 
are dark. If the genes for light production are 
introduced and express themselves in a species 
with no such capability, then emission of light will 
result. The background interference in such a sys- 
tem is extremely low (chemical luminescence). 
Since very low levels of light can be detected and 



measured, tests based on this method should be 
sensitive and quantitative. 

In accordance with the invention, therefore, 
there are provided methods useful for the deter- 
5 mination of a specific type or group of bacteria in a 
milieu wherein exogenous DNA containing a lu- 
minescence system or other genetic system de- 
rived from a suitable donor organism is transferred 
by transduction to a host organism lacking or con- 
w taining relatively low levels of endogenous DNA. 
The entry of the donor genetic material into the 
organism which it is desired to determine leads to 
the expression of the introduced system. The ex- 
pression of such genes allows one to detect the 
75 presence and numbers of such organisms. In addi- 
tion, if antibiotics are added at the time of entry, 
the susceptibility of the host organism to the anti- 
biotic can be determined. 

More particularly, the present invention pro- 
20 vides a method for detecting and identifying the 
presence of a target microorganism in a sample 
suspected of containing one or more unknown mi- 
croorganisms, comprising the steps of: 

(a) providing a genetically engineered DNA vec- 
25 tor containing a genetic system which com- 
prises DNA coding for the expression of one or 
more proteins required for a detectable function 
in said target microorganism, which function is 
not a normal metabolic function of said target 
30 microorganism or essentially not expressed in 
said target microorganism, said vector being 
capable of the selective introduction of said ge- 
netic system into said target microorganism by 
infection; . . 

35 (b) exposing said sample to said vector under 
conditions whereby said vector introduces said 
genetic system into said target microorganism if 
present by infection; 

(c) expressing said detectable function in said 
40 target microorganism present in said sample; 

and 

(d) detecting expression of said detectable func- 
tion, thereby to detect and identify the presence 
of said target microorganism in said sample. 

45 A preferred embodiment of the invention in- 
volves the transference of a luminescent system, or 
part thereof, obtained from a luminescent bacte- 
rium (or other source), and used as a source for 
transferring this system into a non-luminescent 

so host microorganism with subsequent expression of 
luciferase or other system in the host and concomi- 
tant production of light or other marker. 

Alternatively, any other genetic system which 
is absent or poorly expressed until entry into the 

55 bacteria whose presence it is desired to ascertain 
may be used. For example, introduction of genes 
coding for enzymes or proteins (e.g. beta-galac- 
tosidase of E. coli or the egg albumin from chick- 
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ens) whose expression can be monitored by en- 
zymatic assay, or by immunoassay can be used. 
These measurements may be based on changes in 
pH or changes in ion concentration for species 
other than hT; for the production of a specific 
molecule (e.g., amino acid, base, lipid, etc.) or the 
degradation and disappearance of a specific mol- 
ecule; the production of gas (e.g., hfe by E. coli); 
the formation or disappearance of color (e.gTTp- 
nitrophenol from p-nitrophenyl phosphate by al- 
kaline phosphatase) or a molecule with particular 
light absorption properties at given wavelengths or 
radioactively labelled molecules; the production or 
disappearance of secondary molecules dependent 
on primary products. 

Luminescent bacteria are mainly marine, a 
typical example being Vibrio fischeri. The DNA 
containing a luminescence system derived from a 
luminescent bacterium, firefly, dinoflagellate, or lu- 
minescent fungi, etc. may be natural, in which case 
it is derived as such from the luminescent or- 
ganism. Alternatively, the DNA containing a lu- 
minescence system or part thereof derived from a 
luminescent bacterium or other source may be an 
artificial recombinant or synthesized DNA with the 
luminescence system or part thereof being derived 
from the luminescent source. 

In cases involving a bacterial luminescence 
system, it may be desirable to include in the me- 
dium an amount of autoinducer of the luminescent 
bacterium from which the luminescence system or 
part thereof is derived, in order to avoid any pro- 
longed incubation time which would otherwise be 
required for the formation of the autoinducer inside 
the host organism. If desired, it is also possible to 
add an aliphatic aldehyde to the milieu in order to 
accelerate or increase the expression of the lu- 
minescence system or part thereof derived from a 
luminescent bacterium. In those instances where a 
foreign genetic marker system other than a lu- 
minescence system is introduced into a suitable 
host, it may be advantageous to introduce inter- 
mediates, precursors, enzymatic substrates, or oth- 
er ingredients to facilitate or enhance expression of 
the marker genetic system or detection of the 
expression. 

In the host organism the DNA containing a 
luminescence system or part thereof derived from 
a luminescent bacterium or other source is tran- 
scribed by RNA polymerase to form mRNA that 
can then be translated into the luminescence sys- 
tem proteins. The luminescence level of even a 
single bacterium can be detected with, for exam- 
ple, the aid of a scintillation counter. 

It is thus seen that, in accordance with this 
embodiment of the invention, luminescence is pro- 
duced upon interaction between two non-lumines- 
cent components, namely the organism to be de- 



termined and said DNA containing a luminescence 
system or parts thereof derived from a luminescent 
bacterium or other source. Consequently, any lu- 
minescence that exceeds the weak background 

5 chemiluminescence is conclusive of the presence 
of the host organism. Conversely, the absence of 
any luminescence beyond the background level of 
chemiluminescence is conclusive of the absence of 
the host organism. Such a technique has never 

w been suggested before. 

It is possible, in accordance with the invention, 
to construct standard curves showing, for example, 
the correlation between the level of luminescence 
or other expressed system and the concentration of 

75 the bacteria in question. Using such curves the 
amount of bacteria in the milieu can be closely 
approximated. 

The transfer of the DNA containing a lumines- 
cence or other marker system or parts thereof 

20 derived from a suitable donor to the host organism 
may is be mediated by transduction. A large num- 
ber of microbial genera serve as hosts for bac- 
teriophages and retain or accept plasmids. Exam- 
ples of such genera are: Escherichia, Aerobacter, 

25 Salmonella, Shigella, Klebsiella, Proteus, 
Pseudomonas, Staphylococcus, Streptococcus, 
Chlamydia, Mycoplasma, Pneumococcus, Neis- 
seria , CTostridium , Bacillus ^ Corynebacterium , 
Mycobacterium, Camphybacter, Vibrio, Serratia, 

30 Enterobacter, Providencia, Chromobacterium, 
Brucella, Yersinia, Haemophilus, and Bordetella. 

FoT transduction bacteriophages are construct- 
ed that are specific to the bacteria to be deter- 
mined. If desired, a series of tests may be run 

35 each with a different bacteriophage, either sequen- 
tially or simultaneously. 

Some bacteriophages may be constructed by 
packaging DNA containing a luminescence system 
or parts thereof or other donor marker system 

40 derived from a luminescent bacterium or other suit- 
able source in the proper bacteriophage capsid. 
Alternatively, the bacteriophage may be construct- 
ed by recombinant DNA technology using restric- 
tion endonuclease with or without subsequent 

45 packaging. Alternatively, the bacteriophages con- 
taining all or part of the luminescence or other 
system may be constructed through naturally oc- 
curring genetic recombinational mechanism. This 
can also involve the use of both artificial recom- 

50 bination and natural recombination. 

In the performance of a test according to the 
invention herein described, the host organisms per- 
form metabolic activities that are involved in the 
formation of luminescence or other donor systems; 

55 this includes protein synthesis and a process that 
generates a reducing power. Antimicrobial agents 
that affect these processes or after cell integrity 
abolish or reduce the formation of the donor ge- 
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netic system (i.e., luminescence, etc.). Consequent- 
ly it is possible in accordance with the invention to 
determine the susceptibility of bacteria to various 
antibacterial agents, e.g., antibiotics. To this end 
the specific type or group of bacteria to be tested 
are subjected to DNA transfer as specified in the 
presence of a given antibacterial agent, and the 
kinetics of the expressed donor genetic system 
(i.e., luminescence), which are a function of the 
protein synthesis capacity and the general metabo- 
lism of the host bacteria are then determined. Pref- 
erably simultaneous tests are run, one in the ab- 
sence of any antibacterial agent and several others 
each in the presence of a particular antibacterial 
agent. By comparing the results of such tests con- 
clusions can be drawn on the susceptibility of the 
tested bacteria to any of the tested antibacterial 
agents. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 
Materials and Methods 
I. Growth media 

A. LB (Lennox broth). (Lennox, E.S. 1955, Trans- 
duction of linked genetic characters of the host 
by bacteriophage. PI. Virology 2^90-206). [10 g 
tryptone; 5 g NaCI; 5 g yeast extract; 1 I distilled 
H2O; 4 ml 1N NaOH] 

1. For petri dishes: 15 g/l agar is added. 

2. Autoclaved at 121 • C for 15 minutes. 

3. As additions where indicated: (a) ampicillin 
30 mg/1; (b) chloramphenicol 30 mg/l; (c) 
tetracycline 15 mg/l. 

B. FT [10 g tryptone; 5 g NaCI; 2 g maltose; 10 
ml 1M MgS0 4 ; 1 I distilled H 2 0] 

1. Autoclaved at 121 * C for 15 minutes. 

2. As additions where indicated: (a) ampicillin 
30 mg/l; (b) chloramphenicol 30 mg/l; (c) 
tetracycline 15 mg/l. 

C. T for bacteriophage [10 g tryptone; 5 g NaCI; 
10 g agar; 1 I H 2 0] 

1. Autoclaved 121 • C for 15 minutes. 

D. TA (Top Agar) [10 g tryptone; 5 g NaCI; 6.5 g 
agar; 1 I H 2 0] 

1. Autoclaved 121 • C for 15 minutes. 

E. Complex liquid medium (ASWRP) and the 
complex solid medium are described by Ulitzur 
et al. (Ulitzur, S., Weiser, I. and S. Yannai 1980: 
A new, sensitive and simple bioluminescence 
test for mutagenic compounds. Mutation Res. 
74:113-124). 



II. Strains and DNA 

A. Bacterial strains 

5 1. MM294 E. coli K12 endA thi pro hsdR - 
(Backman, K., Ptashne, M. and W. Gilbert, 1976: 
Construction of plasmids carrying the cl gene of 
bacteriophage. Proc. Natl. Acad. Sci. USA 
73:4174-4178. 

10 2TW3110 E. coli K12 F~ wild type (Yanofsky, 
C, Horn, V., "Bonner, M. and S. Stasiowski, 
1971: Polarity and enzyme functions in mutants 
of the first three genes of the tryptophan operon 
of Escherichia coli. Genetics 69:409-433). 

75 3. CSHI Escherichia coli K12~Tic trp strA (Miller, 
J. H. 1972: Experiments in Molecular Genetics. 
Cold Spring Harbor Laboratory, Cold Spring 
Harbor, N.Y.) 

20 B. Bacteriophage strains 

1. X cf wild type. 

2. X Charon 30 (Maniatis, T., Fritsch, E.F. and J. 
Sambrook, 1982: Molecular Cloning. Cold Spring 

25 Harbor Laboratory, Cold Spring Harbor, N.Y.). 

3. X c!857 S7 (Miller, J.H., 1972: Experiments in 
Molecular Genetics. Cold Spring Harbor Labora- 
tory, Cold Spring Harbor, N.Y.). 

4. X cl" b2. 

30 5. X cJ857 S7 plac5 (Miller, op. cit.) 

C. Plasmids and DNA 

1. pBR322 4.36 Kb, containing genes for resis- 
35 tance to ampicillin and tetracycline (Bolivar, F., 
Rodriguez, R.L, Greene, P.J., Betlach, M.C., 
Heynecker, H.L., Boyer, H.W., Crosa, J.H., and 
Falkow, S., 1977: Construction and characteriza- 
tion of new cloning vehicles. II. A multipurpose 
40 cloning system. Gene 2:95-113). After transfor- 
mation, these resistances are convenient for de- 
tecting the presence of the plasmid or recom- 
binants of them. 

45 III. Bacteriophage techniques 

In the main the techniques described by Miller (loc. 
cit.) were used except that the medium for plates 
was T and the liquid medium was FT. 

50 

IV. Preparation of bacterial DNA 

The method of Marmur was used (Marmur, J. 
1961: A procedure for the isolation of deox- 
55 yribonucleic acid from microorganism. J. Molec. 
Biol. 3:208-218). 
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V. Use and source of restriction en don uc leases 
Restriction endonuc leases were purchased from 
BRL, New England Biolabs, Boehringer and Amer- 
sham. Digestion of DNA by such enzymes was 
according to the suggestion of New England 
Biolabs catalogue (1982) except that 100 u g/ml 
gelatin replaced bovine serum albumin in all cases. 
DNA concentration did not exceed 2 u g/20 ul. 

A. Agarose gels 

1. 2 g agarose (Sigma catalogue No. A6013). 

2. 200 ml TAE buffer (1X); TAE buffer 10X: (a) 
48.4 g Sigma 7-9 Tris (hydroxy methyl 
aminomethane) catalogue No. T1378 (Tris HCI); 
(b) 27.2 g sodium acetate; (c) 10.5 g NaCI; (d) 
7.5 g disodium ethyelene diaminetetraacetic 
acid; (e) 17 ml concentrated HCI; (f) 925 ml H 2 0 
distilled; (g) pH 8.2 at 25°C; 

(i) To each sample of DNA (1-20 I) was 
added 4 ul of bromophenol blue in glycerol. 

(ii) The gels were run under buffer at 40-250 
mA until the dye had run an appropriate 
distance. 

3. Where necessary, X c!857 S7 DNA was cut 
with restriction endonuclease Hindltl or EcoRI 
and used as a molecular size standard. Regres- 
sion analysis was used to establish the relation 
between the log of the molecular length and 
migration distance. The standard was consid- 
ered acceptable when the correlation coefficient 
was greater than r = 0.99. 

4. The gels were stained by placing them in 
plastic trays with sufficient water to cover them. 
Seven drops of ethidium bromide (Sigma 
E8751) at a concentration of 10 mg/ml were 
added and dispersed by gentle tilting of the pan. 
After 15 minutes the excess dye was removed 
by suction, the gel rinsed with water and cov- 
ered again with water without dye. After 15 
minutes the water was removed and the DNA 
visualized by placing the gel on a long wave UV 
light box. Photographs were taken with Kodak 
Tri X pan Professional Film. 

VI. Ligation 

DNA's digested by restriction endonucleases were 
precipitated by the addition of one-tenth volume of 
3N sodium acetate and 2.2 volumes of distilled 
96% ethanol. After freezing at -70°C in a dry ice- 
ethanol bath, the Eppendorf tubes were centrifuged 
for 10 minutes in an Eppendorf centrifuge, the 
supernate carefully removed and discarded, the 
pellet washed with 100 ul 70% ethanol, centrifuged 
for 3 minutes, the supernate removed and dis- 
carded, and the pellet dried for 10 minutes in a 
dessicator under vacuum. The dry pellets were 



resuspended in water. 

Ligations were performed in 20 ul containing 4 ul 
of a five-fold concentrated kinase-linker buffer 
(Maniatis et al., loc. cit.) and 1 ul of DNA ligase 
5 (New England BioTabsT, Catalogue No. 202; 400 
units/ml) at 25° C for 12-16 hours. The DNA con- 
centration was usually 0.5 - 1.0 u g/20 ul reaction. 

VII. Preparation of plasmid DNA 

w 

A. Preparation of crude plasmid DNA from small 
volumes 

1 . The bacterial strain containing a plasmid is 
grown overnight at 37°C in LB medium con- 

/5 taining an antibiotic to which the plasmid 

confers resistance so that only bacteria with 
the particular plasmid reproduce. 

2. 1 ml of the cell suspension is centrifuged 
for 20 seconds in an Eppendorf centrifuge. 

20 3. The supernate is discarded and the cell 

pellet resuspended in 50 ul of STET buffer 
(8% sucrose, 5% Triton-100, 50 mM dis- 
odium ethylenediamine tetraacetic acid, 50 
mM Tris (hydroxymethyl aminomethane)- HCI, 

25 pH8.0). 

4. 4 ul of 10 mg/ml lysozyme (Sigma, cata- 
logue No. L6876) is added. 

5. The suspension is immersed in boiling 
water for 40 seconds. 

30 6. The suspension is immediately centrifuged 

in an Eppendorf Centrifuge, model 5412, for 
20 minutes. 

7. The supernate is carefully removed to a 
fresh tube, the pellet is discarded. 

35 8. 50 ul of isopropanol are added and the 

contents mixed. The tube is placed at -70°C 
for 1 0 minutes in an ethanol dry-ice bath. 
9. The tube is centrifuged for 10 minutes in 
the Eppendorf centrifuge. 

40 10. The supernate is removed and discarded. 

The pellet is dried under vacuum for 5 min- 
utes. 

11. The pellet is resuspended with 50 u! of 
0.3 M sodium acetate. 
45 12. 150 ul of distilled ethanol are added, the 

contents mixed and the tube placed at -70* C 
in the ethanol dry-ice bath for 10 minutes. 

13. The tubes are centrifuged for 10 minutes, 
the supernate carefully removed and discard- 
so ed. 

14. The pellet is rinsed by adding 200 ul of 
cold (-20 °C) 70% ethanol without disturbing 
the pellet. 

15. The tube is centrifuged for 2 minutes, the 
55 supernate removed and discarded, and the 

pellet dried under vacuum for 10 minutes. 

16. The pellet is resuspended with 20 ul of 
H 2 0. 
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17. For most plasmids about 1 ug of fairly 

pure plasmid DNA is recovered. 
B. Preparation of highly purified plasmid DNA 
by cesium chloride-ethidium bromide equilibri- 
um density-gradient centrifugation 5 

1. Grow a 1 liter culture for 12-16 hrs in LB 
medium with an appropriate antibiotic so that 
only those bacteria breed which contain the 
particular plasmid. 

2. Chill and centrifuge at 5000 xg for 10 io 
minutes at 0*C in four 250 ml centrifuge 
bottles. Discard the su pern ate. 

3. Wash the pellet with 20 ml of Tris-HCI 
buffer pH 7.9, 25 mM containing 1 mM 
ethylenediaminetetraacetic acid (EDTA). is 

4. Resuspend each pellet in 7.5 ml of 25% 
sucrose made up in 50 mM Tris-HCI pH 8.0 
and transfer each resuspended pellet to a 40 
ml polypropylene tube (Oak Ridge type). 

5. Add 1.5 ml lysozyme (Sigma catalogue 20 
No. L6876). The lysozyme is made fresh at 5 
mg/ml in 0.25 M Tris-HCI pH 8.0. Mix and 
hold for 5 minutes at 0*C. 

6. Add 3 ml of 0.25 M Na EDTA pH 8.0. Mix 

and hold for 5 minutes at 0* C. 25 

7. Warm to room temperature and add 1 ml 
of sodium lauryl sulfate (SDS) solution 
(12.5% in 50 mM Tris-HCI, pH 8.0). Mix gen- 
tly by inversion and hold for 15 minutes. 

8. Chill to 0°C and add 2.5 ml of 5 M NaCI. 30 
Mix gently by inversion and hold for 30 min- 
utes at 0'C. 

9. Centrifuge at 43,000 g (19,000 rpm in a 
Sorvall SS-34 rotor) for 45 minutes at -4* C. 

10. Decant the four supernates (- 12 ml 35 
each) into four 40 ml polypropylene tubes. 
Discard the pellet. Dilute with an equal vol- 
ume of water. 

11. Add to each tube 50 ul of RNAase A, 10 
mg/ml, (Sigma catalogue No. R5503) after 40 
inactivation of any DNAase activity through 
heating in Tl buffer at 80 °C for 20 minutes. 

Tl buffer is: 10mM MgSO*. 0.5 mM CaCI 2 , 
0.1% gelatin, 6 mM Tris-HCI. pH 8.0. Hold at 
37 "C for 1 hour. 45 

12. Chill and add 4 ml of phenol that has 
been saturated with STE buffer. STE buffer is 
10 mM Tris-HCI pH 7.9, 10 mM NaCI, 1 mM 
EDTA. Mix well and centrifuge at 16,000 g for 

15 minutes at 0*C. 50 

13. Carefully remove the upper layer 
(aqueous phase) from each tube into a single 
250 ml centrifuge bottle. Add a one-quarter 
volume of 5 mM NaCI and mix. Add an 
amount of ethanol that is twice the total vol- 55 
ume of the mix. Mix. Hold at -20 'C for at 
least 12 hours. 



14. Centrifuge at 9000 rpm for 45 minutes. 
Remove and discard the supernate. Add 50 
ml of 70% ethanol and gently wash the pel- 
let. Spin 20 minutes at 9000 rpm. Remove 
and discard the supernate. Drain the pellet 
and then dry it under vacuum for 15 minutes. 
Resuspend the pellet in 5 ml of STE buffer. 

15. Make the DNA containing solution to 46.2 
ml with STE. Add 45 g of CsCI. Add 1.8 ml of 
ethidium bromide (Sigma, catalogue No. 
E8751) at 10 mg/ml in STE buffer. Adjust the 
solution so that its refractive index r D is be- 
tween 1 .3870-1 .3880 (p = 1 .565-1 .576). 

16. Pipet 10 ml of the mix into each of six 3 x 
5/8 inch polyallomer tubes. Cap tubes, fill 
with paraffin oil and centrifuge in a Ti 50 rotor 
at 38,000 rpm for 48 hours at 15 • C. 

17. Remove the lower band (viewed with an 
UV lamp) using a 1 inch 20 gauge needle 
and a 3 ml syringe. Extract the ethidium 
bromide 4 times with an equal volume of 
isopropanol (stock kept over CsCI-saturated 
STE buffer). 

18. Dilute the separate aqueous solution with 
4 volumes of water and add twice the total 
volume of ethanol (96%). Hold for 12 hours at 
-20 *C. Centrifuge in 40 ml polypropylene 
tubes at 19,000 rpm for 1 hour at -4°C. 
Decant and discard the supernate. Drain the 
tube and then dry under vacuum for 15 min- 
utes. Resuspend the DNA in 1 ml of STE 
buffer. 

VIII. Construction of pBTK5 and transformation into 
MM 294 E. COM. 

DNA (8 ug) from Vibrio fischeri strain MJ1 was 
cleaved with 30 units of restriction endonuclease 
Sai l for 3 hrs at 37 *C. DNA (6 ug) of plasmid 
pBR322 was similarly digested. Samples were test- 
ed by agarose gel electrophoresis to check that the 
digestions had gone to near completion. The cleav- 
ed DNA's were precipitated with sodium acetate- 
ethanol and the dry pellets resuspended in H 2 0. A 
2 u g amount of V. fischeri DNA was ligated to 0.5 
g of pBR322 DNA using 400 units of DNA ligase. 
The reaction was terminated by adding 200 ul H 2 0 
and 40 ul STE saturated-phenol. The mixture was 
vortexed and centrifuged. The supernate was 
precipitated with sodium acetate-ethanol and the 
pellet of ligated DNA was resuspended in 40 ul of 
H 2 0. 

IX. Construction of XL1, XL4, XL5, XL28, XL32, XL35 
and XL40. 

Bacteriophage X Charon 30 DNA (0.3 ug), purified 
as described by Maniatis (loc. cit.), was cleaved 
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with restriction endonuclease Sail and ligated to 
pBTK5 DNA (0.5 ug) obtainecTaccording to VIII 
above, similarly cleaved. After ligation the DNA was 
precipitated by sodium acetate-ethanol, the pellet 
dried and resuspended in 5 ul H 2 0. 
Packaging mix for DNA was prepared by the meth- 
od of B. Hohn as given in Maniatis (loc. cit.). The 
packaging of the ligated DNA was carried out ac- 
cording to the protocol of Maniatis (loc. cit.) and 
plated with MM294 grown to stationary~phaii in FT 
medium. Plaques were checked for light production 
by transferring them to scintillation vials containing 
1 ml FT medium, 0.1 ml MM294 grown on FT 
medium. Individual plaques had been transferred 
through the use of a Pasteur pipette to 1 ml of 10 
mM MgSO*. A 0.1 ml of this was transferred to a 
vial. 

Phage strains giving light were plaque purified 
twice, plate lysates were made and the phage 
preparations stored over several drops of chlo- 
roform. These phages were then characterized for 
light production during infection of strain MM294 
growing in FT medium at 27 °C. Autoinducer was 
added to a duplicate vial (Nealson, K.H., Piatt, T., 
and Hastings, J.W., 1970, Cellular control of the 
synthesis and activity of the bacterial luminescent 
system. J. Bacteriol. 104:313-322). XL1, XL35 and 
XL40 produce light at limes considerably later than 
the others, the light produced is relatively little and 
the amount of light emitted is greatly increased if 
the bacteriophage infection takes place in the pres- 
ence of autoinducer. Phage strains XL4, XLS, XL28 
and XL32 produce light within 15-20 minutes after 
infection, and the amount of light emitted increases 
with time and reaches a maximum after about one 
hour. There is no significant effect of autoinducer 
on the amount of light produced by these phages. 
Since the fragment containing the light genes had 
been cloned from a digest with restriction en- 
donuclease Sail, insertion of this fragment into X 
Charon 30 digested with the same enzyme may 
occur in two different orientations. In one orienta- 
tion the luciferase and aldehyde genes (Engebrecht 
op. cit.) are closer to the N gene of x, while the 
regulatory genes of the lux operon are closer to the 
J gene of X. In this orientation, the transcription of 
the aldehyde and luciferase genes will depend on 
transcription from the lux promoter(s) only, since 
the direction of transcription will be opposite to that 
of the P L promoter of x. In this case, autoinducer 
should and does stimulate light production. XL1, 
XL35 and XL40 are most likely phages with inserts 
in this orientation, since their light emmission is 
greatly stimulated by autoinducer. 
The second possible orientation has the regulatory 
gene of the lux operon nearer the N gene of X and 
the aldehyde and luciferase genes to the J gene 
side. Since the direction of transcription of the 



aldehyde and luciferase genes is the same as that 
of the P L promoter of X, these genes should be 
transcribed not only from their own promoter but 
even more so from P L . Thus, the addition of autoin- 
5 ducer to cultures of bacteria infected by these kind 
of phages should and does have little or no effect 
on light production. 

Two of these phages, XL4 and XL28, have been 
characterized and the orientation of their insert 

w found to be that which was expected on the basis 
of the above physiological observations and theo- 
retical considerations. Phage DNA from XL4 and 
XL28 was prepared as described by Maniatis (op. 
cit.) using CsCI gradient purified phage as the 

75 source of DNA. 

Digestion of these DNAs by restriction en- 
donuclease Sail revealed three large fragments 
after electrophoresis in agarose gel. The two larger 
bands are the arms of X Charon 30 that are neces- 

20 sary for phage propagation. The smallest band of 
about 8.8 kilobases is identical to a band from 
pBTK5 cut with the same enzyme. Thus the in- 
serted DNA piece in both phages seems identical 
to the piece that was originally cloned from Vibrio 

25 fischeri. The orientation of the insert in XL4 and 
XL28 was shown by restriction endonuclease 
cleavage using Pstl. X Charon 30 has the normal X 
sequence until - approximately base pair 23616 
(Hendrix R.W., Roberts, J.W., Stahl, F.W., and 

30 Weisberg, R.A., 1983: Lambda II, Cold Spring Har- 
bor Laboratory, Cold Spring Harbor, New York; 
Appendix II, pp 519-676) and then the deletion 
b1007 which extends from approximately base pair 
23616 to 28312. From base 28312 until base 34449 

35 the sequence is again normal. At base 34449 an 
earlier sequence repeats itself and this repeat 
starts with base pair 22346. The repeat continues 
until base pair 23616 and then is deleted (b1007) 
until base pair 28312. Starting with this base pair 

40 the normal sequence continues until approximately 
base pair 35384 at which point a second, different 
type of deletion, KH54, commences and removes 
DNA until base pair 37925. Then the normal se- 
quence continues until approximately base pair 

45 40502 at which point a third kind of deletion (nin5) 
removes DNA until base pair 43307. The sequence 
after this base pair is normal until the DNA end at 
base pair 48502 (these numbers are given as the 
normal base pair coordinates of normal bac- 

50 teriophage X; see Fig. 4). Thus X Charon 30 con- 
tains 1 duplication and 4 deletions, two of which 
are identical. The coordinates for various restriction 
endonuclease cleavage sites (see Fig. 5) in X Char- 
on 30 are given in Hendrix (op. cit.) Appendix III. 

55 They estimate the phage X Charon~30 to be 46757 
base pairs. From published data the phage would 
seem to be 46331 base pairs. For our purpose this 
discrepancy is not important. 
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The pattern of restriction enzyme fragments ob- 
tained from Pstl cleavage in X Charon 30 can be 
calculated from the description of its DNA provided 
above. After removal of the internal Sail fragment 
and insertion of the lux operon Sail fragment this 
pattern is, of course, altered. The~Pstl sites until 
the base pair 22425 will be identical to normal X 
and also X Charon 30. There will be a fragment in X 
Charon 30 of 4888 base pairs generated by the 
segment between the site at 22425 and 32009 
(contains deletion b1007 which removes 4696 base 
pairs). This fragment will also occur in the 
"luminescent" phage described here. However, the 
DNA insert will alter the pattern between the Pstl 
sites at base pair 22425 and the end (normaPx 
coordinates). After removal of the internal Sail frag- 
ment from X Charon 30, no Pstl sites wilFexist in 
the XDNA from base pair 32256 (the most distal 
Pstl site remaining) and the end of the phage since 
the Pstl site at base pair 37005 is deleted in X 
CharorT30 by the KH54 deletion. There is one Pstl 
site in the Sail fragment containing the lux opeToh 
and it is situated very near one end (about 200 bp 
from the end) and in the regulatory region of the 
operon. 

Thus if the Pstl site of the lux operon is near the 
last Pstl site~7n X, Pstl cleavage will generate a 
smalilFagment of about 700 base pairs and a large 
fragment of about 18-19 kilo bases. This would be 
the expected cleavage pattern for XL1, XL35 and 
XL40. Conversely, if the Pstl site of the lux frag- 
ment is toward the distafend of the X, then two 
fragments of about equal size (approximately 9 and 
11 kilobase) should result. Cleavage of XL4 and 
XL28 DNA gave the latter pattern which confirms 
our hypothesis that the luciferase and aldehyde 
genes of the lux operon are located towards the 
proximal end of X and have the same transcription 
orientation as transcription from the P L promoter. 
A final question that can be raised about the struc- 
ture of XL4 and XL28 has to do with their Sail 
junctions between phage and insert DNA. X Charon 
30 has four Sail sites. These four are divided into 2 
pairs. Withiri~each pair of sites, the sites are sepa- 
rated by only 499 base pairs while the distance 
between pairs is close to 7000 base pairs. When X 
Charon 30 was used as a vector and cleaved with 
Sail restriction endonuclease to generate XL4 and 
XL28, the fragment between the pairs will be re- 
placed by the lux operon fragment. What is less 
clear is whether the recombinant phages contain 2, 
3, or 4 Sail sites. If there are only 2, then the 
junction between the lux operon and X DNA was at 
the most proximal and most distal Sail sites of X. If 
there are 4 Sail sites then the Tux fragment is 
joined to the two innermost Sail sites of x Charon 
30. Three Sail sites indicate that a pair of Sail sites 
still exists afone end of the insert and a single Sail 



site at the other. 

The 7Kb (kilobase) internal fragment of X Charon 
30 must always be removed because, if it were not, 
the addition of the lux operon would lead to a 
5 phage DNA molecule that is too long to be pack- 
aged. 

The small (499 base pair) fragment(s) produced 
when there remain 3 or 4 Sail sites, can be seen 
on a gel, but one cannot determine whether there 

w are 3 or 4 sites since each pair gives an identically 
sized fragment. A solution to this problem is af- 
forded by cleavage by restriction endonuclease 
Seal, since Seal cleaves X DNA between the two 
Sail sites of a~pair. Thus, if one or both of the Seal 

75 sites disappears, there is no or one pair left inlhe 
recombinant X. There is no Sea l site in the lux 
operon. Seal cleaves wild typ~e~X at sites 16420, 
18683, 25684, 27262 and 32801 base pairs. In X 
Charon 30 the sites at 16420 and 18683 exist while 

20 the sites at 25684 and 27262 have been deleted. 
The site at 32801 occurs twice in X Charon 30 
since there are 2 pairs of Sail sites rather than the 
single pair in X wild type. In X Charon 30 there is a 
Seal site at base pair 28391 and at base pair 

25 35819, besides those at 16420 and 18683. X Char- 
on 30 gives fragments of 16420, 2263, 9708, 7428 
and 10938 base pairs after Seal digestion. A re- 
combinant phage having the lux operon and only 2 
Sail sites remaining, should give fragments of 

30 16420, 2263 and one of about 28000 base pairs 
after Seal digestion. The presence of 3 Sail sites 
will giveeither a pattern of 16420, 2263, 9708 and 
approximately 19000 base pairs, or 16420, 2263, 
approximately 18500 and 10938 base pairs after 

35 Seal digestion, depending on whether the pair of 
Sail sites still remaining is proximal or distal re- 
spectively. The presence of both pairs of Sail sites 
will yield fragments of 16420, 2263, 9708ripproxi- 
mately 9300 and 10938 base pairs after Sea l 

40 cleavage. ™~ 
The results of analysis by Seal endonuclease 
shows that XL4 contains 4 Sail sites while XL28 has 
3. XL28 retains the proximaTpair of Sail sites and 
the most distal Sail site from X Charon 30. This 

45 structure of X wildlype, X Charon 30, XL4 and XL28 
are shown diagramatically in Figures 4, , 6 and 7, 
respectively. 

X. Bioluminescence determination. 

so Luminescence in vivo of aliquots placed in scintilla- 
tion vials was measured by a photomultiplier pho- 
tometer similar to that described by Mitchell & 
Hastings (Mitchell, G.W., and Hastings, J. W., 
1971: A Stable inexpensive solid state, photomul- 

55 tiplier photometer. Anal. Biochem. 39: 243-250). 
When the luminescence intensity was below 10 s 
quanta/sec, a scintillation counter (Packard Model 
2001), operating without coincidence at the 3 H set- 
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ting at 25 *C, was used. The luminescence was 
expressed in quanta per second by using the Has- 
tings and Weber standard (Hastings, J.W., and G. 
Weber, 1963: Total quantum flux of isotropic sour- 
ces. J. Opt. Amer. 53:1410-1415). 

XIV. Autoinducer preparation from V. fischeri MJ-1. 

To prepare cell-free conditional medium containing 
autoinducer, V. fischeri MJ-1 cells were grown in 
ASWRP liquid" medium with shaking at 22 *C. Late 
logarithmic phase cultures (80-100 Klett units, Filter 
66) that are highly luminescent were centrifuged at 
10,000 g at 4* C for 15 minutes. The supernatant 
fluid was sterilized by passage through a 0.22 urn 
pore size membrane filter (Millipore Corp. Bedford, 
Mass.). These preparations were stored at 4 * C for 
up to 30 days without loss of activity. 
The bioassay for the V. fischeri autoinducer was 
performed using the methods previously described 
by Nealson (Nealson, K.H., Piatt, T., and Hastings, 
J.W., 1970: Cellular control of the synthesis and 
activity of the bacterial luminescent system. J. Bac- 
teriol. 104: 313-322). 

XI. Assay of beta-galactosidase. 

The assay was performed according to Miller (op. 
cit.) using chloroform and SDS (sodium lauryl sul- 
fate) to permeabilize the cells to o-nitrophenyl 
galactoside (ONPG). 

XII. Deposition. 

Where indicated, constructions (i.e., plasmid and 
bacteriophage) of the invention have been placed 
on permanent deposit in the American Type Cul- 
ture Collection (ATCC), Rockville, MD 20852, 
U.S.A. 

The invention is illustrated in the annexed 
graphical representations, which show: 

Fig. 1 - Determination of E. coli strain W3110 by 
transduction with phage XL28T" 
Fig. 2 - Determination of E. coli strain W3110 by 
transduction with phage XL4; 
Fig. 3 - Determination of Escherichia coli strain 
CSHI by transduction with Xcl857 S7 piac5; 
Fig. 4 - X wild type Map of relevant restriction 
endonuclease cleavage sites; 
Fig. 5 - X Charon 30 Map of relevant restriction 
endonuclease cleavage sites; 
Fig. 6 - XL4 Map of relevant restriction en- 
donuclease cleavage site, topological features, 
transcription from lux promoter, and transcription 
from P L ; and 

Fig. 7 - XL28 Map of relevant restriction en- 
donuclease cleavage site topological features 
transcription from lux promoter, and transcription 



from P L . 

The invention is further illustrated by the follow- 
ing Examples. These examples are to be consid- 
ered as models only which demonstrate the gen- 
5 eral and broad principle of the invention as speci- 
fied herein, and they are not to be understood or 
limiting the invention in any way. 

Example 1 - Determination of Escherichia coli 
70 strain W31 10 by Transduction with phage XL28. 

E. coli W3110 cells were grown in liquid FT me- 
diumTo early logarithmic phase of growth at 30 *C. 
The culture was diluted tenfold and duplicate 1 ml 

15 samples were transferred to sterile vials. To each 
via! 25 ul of XL28. 5x10 9 PFU/ml (PFU = plaque 
forming units) was added. The XL28 (ATCC No. 
40183) was prepared as described above in Part IX 
of Materials and Methods. The vials were incubated 

20 at 25 *C in the scintillation counter and the lu- 
minescence was determined as a function of time 
as described above in Part X of Materials and 
Methods. Fig. 1 shows the luminescence after 60 
and 120 minutes of incubation as a function of E. 

25 coli concentration. The background count was 
157000 cpm. 

Example 2 - Determination of Escherichia coli 
strain W31 10 by transduction with phage XL4. 

30 

E. coli cells were grown in liquid FT medium. The 
culture was diluted in saline (100 ml) to give final 
cell concentrations of 10\ 10 2 , 10 3 and 10* 
cells/ml. 100 ml of each sample was filtered 

35 through 0.45 micron Millipore filters and the filters 
were placed face upward in sterile scintillation 
vials. To each vial was added 1 ml of liquid me- 
dium containing XL4 at 7 x 10 7 PFU/ml, the XL4 
having been prepared as described above in Part 

40 IX of Materials and Methods. The luminescence of 
the vials was determined after 40, 60 and 100 
minutes of incubation at 22 ft C, as described above 
in Part XIII of Materials and Methods. Fig. 2 shows 
the relation between the light emission (CPM) and 

45 the concentration of E. coli cells. 

Example 3 - Determination of Escherichia coli 
strain CSHI by transduction with Xcl857 plac5 ! 

50 Escherichia coli strain CSHI was grown with shak- 
ing in FT medium at 37' C. Numbers of cells per 
mi were determined by viable counts on LB plates 
after a 20 hr incubation at 37 °C. Expotentially 
growing ceils were doubly diluted (dilutions of 2) 

55 with FT sterile medium. To each vial, isopropyl 
thiogalactoside (Sigma catalogue number I5502) 
was added to give a final concentration of 100 mM. 
Xcl857 S7 plac5 bacteriophage was added to give 
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a final concentration of 10 9 plaque forming units/ml. 
Final volume was 2 ml. The vials were incubated 
with shaking at 37 *C for 45 min. Then 2 ml of Z 
buffer (Miller, op. cit.) were added followed by the 
addition of 0.rTnl"chloroform and 0.05ml of SDS 
(0.1%). The contents of the vial were mixed with 
the aid of a Vortex mixer (30 sec) and 0.8 ml of 
ONPG (8 mg/ml) were added to each vial. ONPG 
was made up in 0.1 M sodium phosphate buffer, pH 
7.0. The vials were incubated with slight shaking at 
37 9 0 for 60 min. and the reaction was stopped by 
the addition of 2 ml of Na2C0 3 (1M). The devel- 
oped color was determined with a Bausch and 
Lomb Spectronic 20 at 420nm (for o-nitrophenol) 
and at 550nm for turbidity caused by cellular mat- 
ter. 

Figure 3 shows the amount of beta-galac- 
tosidase formed as determined by enzymatic assay 
as a function of cell concentration. 

- General method for the isolation, cloning, and 
transfer of exogenous genes into microbial host 
organisms, and detection of the recipient host us- 
ing the expression of the introduced donor gene 
systems. 



As described previously herein, alternative enzyme 
or other systems in addition to luciferase and 0- 
galactosidase can be introduced into host organ- 
isms for detection purposes in accordance with the 
invention. The system or enzyme can be chosen 
because of the ease with which its presence may 
be determined or because it is unique and absent 
in the organisms to be ascertained. The luciferase 
system previously described has both these qualit- 
ies and is a preferred embodiment of the invention. 
Genes encoding proteins whose presence can be 
directly detected by their absorption of light at 
certain wavelengths (e.g., hemoglobin) or by spe- 
cific antibodies, radioactivety labelled or linked to 
conveniently determined enzymes (ELISA) or to 
other compounds such as biotin, can be used for 
the detection of microorganisms in the ways analo- 
gous to detection of luciferase. In other cases, 
genes encoding enzymes whose product or pro- 
ducts can be measured directly or indirectly or in 
which the disappearance of one of its substrates 
can be similarly measured may be more suitable. 
Examples of such enzymes are given below. Mea- 
surements might be based on evolution of gas or 
the reduction of the concentration of a dissolved 
gas, changes in pH, products or substrates that can 
be directly measured by spectrophotometry or 
chromatography or indirectly by coupled reactions 
or by antibody detection of a secondary complex 
(e.g., biotin-avidin) or through the use of radioac- 
tively labelled compounds. Such measurements for 
identification purposes are given by means of il- 



lustration only and are not intended to limit the 
scope of the present invention, but to indicate the 
types of systems that might be used in conjunction 
with our method. Representative enzymes, proteins 

5 or enzyme systems can be utilized for detection of 
microorganisms after the relevant genetic struc- 
tures have been assembled. Such assembly may 
involve natural recombination events or in vitro 
recombinant DNA techniques or both. There are 

w numerous possibilities and strategies consistent 
with the present invention. 

Various isolation, cloning, and transfer procedures 
involving foreign genes and introduction to host 
organisms can advantageously be used in the in- 

75 vention. For example, the DNA of donor organisms 
(i.e., bacterium, yeast, etc.) can be isolated and 
subjected to partial digestion by the restriction en- 
donuclease Sau3A to yield a set of overlapping 
fragments encompassing the whole donor genome. 

20 Fragments of a particular size may be prepared by 
centrifugation through glycerol or sucrose gradients 
or by agarose gel electrophoresis. These fragments 
contain protruding 5' single strand ends with the 
structure 5*GATC-double stranded DNA and can 

25 then be ligated by T4 DNA ligase to appropriate 
vector molecules cut with enzymes (BamHI, Bglll, 
Bel l Sau3A) that created appropriate and - compati- 
ble single strand ends. An example of such a 
vector is X Charon 28 (Maniatis et al., op. cit.) cut 

30 with restriction endonuclease BamHI. The ligated 
DNA can then be transformed, subsequent to pack- 
aging if desired, into an appropriate host (lacking a 
restriction system). Viral DNA containing se- 
quences for the desired exogenous system or en- 

35 zyme can be detected either through enzymatic 
activity, immunological techniques or by synthetic 
or natural DNA probes and nucleic acid hybridiza- 
tion. Many of the above techniques of cloning and 
detection are detailed in Maniatis et al. (op. cit.). 

40 Subsequently, the donor gene is subcloned and 
then connected to a powerful bacterial promoter 
(e.g., plac of Escherichia coli or P R of bac- 
teriophage X). Then the promoter-gene segment 
can be transferred to an appropriate bacteriophage 

45 (e.g., X or T4). 

The expressed donor gene or gene system thus 
transferred to a receptive host microorganism can 
then be used to identify the host organism. A 
suitable method for monitoring the activity of the 

so donor genetic system in the host organism is se- 
lected (i.e., light production with luciferase; end 
product or intermediate of enzymatic reaction; gas 
evolution, etc.). Thus, the isolation, cloning, and 
transfer of foreign genes from a donor organism 

55 into a receptive host microorganism and identifica- 
tion of the host microorganism by monitoring ex- 
pression of the foreign gene system contained 
therein is effected. 
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Method for the use of alcohol dehydrogenase or 
other NAD oxidoreductases gene systems obtained 
from a foreign donor and transferred to a receptive 
host microorganism for detection of the host. 



Alcohol dehydrogenase (E.C. 1.1.1.1; Alcohol :NAD 
oxidoreductase) is an enzyme that is formed by 
many species such as yeast, man and Bacillus. 
The gene or genes coding for this enzyme can be 
isolated by recombinant DNA techniques. The DNA ;o 
of yeast as a donor organism is isolated, treated by 
restriction endonuclease, cloned, connected to an 
effective bacterial promotor, and transferred by an 
appropriate vector, preferably a bacteriophage, to a 
receptive host microorganism. 75 
The ADH gene can then be used to detect the 
presence of specific microorganisms by techniques 
and strategy similar to those presented earlier for 
bacterial luciferase and beta-galactosidase. In the 
case of ADH, light production will not be directly 20 
monitored; rather the conversion of NAD to NADH 
would be measured. In the presence of ethanol and 
NAD*, ADH catalyses a reaction whose products 
are NADH, H* and acetaldehyde. The presence 
and concentration of NADH can be determined by 25 
adsorbance of light at 340 nm or by bacterial 
luciferase in the presence of an appropriate al- 
dehyde (e.g., Cm aldehyde) (Stanley, P.E. in Meth- 
ods in Enzymology, volume LVII edited by M.A. 
DeLuca, Academic Press 1978, New York, San 30 
Francisco, London, pp. 215-222). 
There are many other NAD oxidoreductases that 
would be as suitable as ADH (enzymes of E.C. 
classes 1.1.1, 1.2.1, 1.3.1. 1.4.1, 1.5.1 and 1.8.1) for 
identification of host microorganisms. For example, 35 
L-alanine dehydrogenase (E.C.I. 4.1. 1., L-alanine: 
NAD oxidoreductase) also yields NADH from 
NAD*. In addition, this enzyme liberates NH 3 from 
L-alanine when it is converted to pyruvate and NH 3 
may be the product measured rather than NADH. 40 
Other oxidoreductases use O2 as the electron ac- 
ceptor in place of NAD* (E.C. classes 1.1.3, 1.2.3, 
1 .3.3 and 1 .4.3) and the disappearance of dissolved 
oxygen might be followed by, for example, an 
oxygen electrode. 45 

Method for the use of genetic systems coating for 
transferase obtained from a foreign donor and 
transferred to a receptive host microorganism for 
detection of the host . 50 

Transferase enzyme systems can also be used to 
identify microorganisms in conjunction with the in- 
vention herein described. The DNA of a suitable 
donor organism containing the selected transferase 55 
gene(s) is isolated, treated by restriction en- 
donucleases, cloned, connected to an effective 
bacterial promotor, and transferred by an appro- 



priate vector (preferably a bacteriophage), to a re- 
ceptive host microorganism. For example, L- 
tyrosine:2-oxoglutarate animotransferase 
(E.C.2.6.1.5) yields p-hydroxyphenylpyruvate from 
L-tyrosine in the presence of 2-oxoglutarate and 
the appearance of p-hydroxyphenylpyruvate can be 
monitored spectrophotometrically at 330 nm 
(Hadar, R., Slonim, A., and Kuhn, J., 1976. Role of 
D-tryptophan oxidase in D-tryptophan utilization by 
Escherichia coli. J. Bacteriol. 125:1096-1104). A 
second example of a transferaseTs galactokinase 
(ATP: 

-D-galactose-1 -phosphotransferase; 
E.C.2.7.1.6) whose activity can be followed by dis- 
appearance of ATP or appearance of 

^-D-galactose-1 -phosphate. Other detection 
modes can be readily adapted to the particular 
selected transferase. 

Method for the use of hydrolase, lyase, or 
isomerase genetic systems obtained from a foreign 
donor and transferred to a receptive host microor- 
ganism for detection of the host . 

In addition to the enzyme systems previously de- 
scribed, hydrolase, lyase, and isomerase enzyme 
systems can be used to identify microorganisms in 
conjunction with the present invention. The DNA of 
a suitable donor organism containing the selected 
enzyme (hydrolase, lyase, or isomerase) is iso- 
lated, treated by restriction endonucleases, cloned, 
connected to an effective bacterial promotor, and 
transferred by an appropriate vector (preferably a 
bacteriophage), to a receptive host microorganism. 
For example, alkaline phosphatase (E.C.3.1.3.1, or- 
thophosphoric monoester phosphohydrolase) activ- 
ity can be determined in a number of ways, one of 
which is by release of p-nitrophenol from p- 
nitrophenylphosphate. p-nitrophenol concentration 
can be determined spectrophotometrically at 420 
nm at alkaline pH in the same way that o- 
nitrophenol was used for determination of 0-galac- 
tosidase (E.C.3.2.1.23) activity. Lyases such as 
aspartate-1 -decarboxylase (E.C.4.1 .1 .1 1 , L-aspar- 
tate 1 -carboxylase) and ornithine decarboxylase 
(E.C.4.1. 1.1 7, L-ornithine carboxylase) are equally 
suitable since the liberation of CO2 (as H2CO3) can 
be determined by changes in pH. Isomerases such 
as glutamate racemase (E.C.5.1.1.3) can also be 
employed. In the case of glutamate racemase the 
conversion of D-glutamate to L-glutamate can be 
followed by coupling the system to L-glutamate 
oxidase following conventional protocols. 

Method for the use of oxidase genetic systems 
obtained from a foreign donor and transferred to a 
receptive host microorganism for detection of the 
host 
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The introduction of enzymatic activities into the 
target host microorganism wherein such enzymatic 
activity is either low or non-existent. The DNA of a 
suitable donor organism containing the selected 
enzyme (i.e., oxidase) is isolated, treated by re- 
striction endonucleases, cloned, connected to an 
effective bacterial promotor, and transferred by an 
appropriate vector (preferably a bacteriophage im- 
parting specificity) to a receptive host microorgan- 
ism. One possible use for the present invention 
involves , for example, D-tryptophan oxidase 
(Hadar et al., op cit) which is almost non-existent 
in Esche?ichia~colUThe introduction of the mutant 
gene leading to~~hfgh levels of this enzymatic activ- 
ity is detectable through the production of in- 
dolepyruvic acid from D-tryptophan. Likewise ele- 
ments containing the bio B gene of E. coli joined to 
strong promotor lead to rapid conversion of de- 
thiobiotin to biotin, the latter of which can be de- 
tected by methods based on the high affinity of 
avidin for biotin. 

Summary of Findings 

Bacteriophage propagate themselves by adsorption 
and subsequent injection of their DNA into an ap- 
propriate bacterial host. In nature bacteriophage 
genes can sometimes become linked to bacterial 
genes through substitution and/or addition. Occa- 
sionally, some bacteriophage envelope accidently 
DNA coming from a source other than the bac- 
teriophage (i.e. with chromosomal, plasmid or other 
bacteriophage species). The former is called spe- 
cialized transduction, the latter generalized trans- 
duction. Both of these phenomena lead to the 
transfer of DNA from one bacterium to another. 
A more modern way to produce specialized trans- 
ducing phages is through the use of recombinant 
DNA technology. Phages can be constructed that 
carry desired genes and in which no essential 
bacteriophage genes have been lost. Such bac- 
teriophages will efficiently introduce these cloned 
genes if an appropriate host is present. If elements 
for their expression exist, these genes will be high- 
ly expressed since many copies of the bac- 
teriophage chromosome are made during the 
growth of the phage. 

In accordance with a preferred embodiment of the 
present invention, the fragment of DNA carrying the 
luminescence genes of V. fischeri was transferred 
to the Escherichia coli bacteriophage X from the 
plasmid pBTK5. Transference of other donor ge- 
netic systems can be similarly effected by appro- 
priate constructions. 

Upon infection, the phage adsorb to the specific 
bacteria capable of acting as host, and the encap- 
sulated DNA of the phage head is injected into the 
bacterial cell. Once the DNA is inside the bac- 



terium it can make use of the host functions and it 
is transcribed and translated to produce lumines- 
cence enzymes (luciferase and those necessary for 
aldehyde synthesis) or other introduced enzyme 

5 systems. 

The use of a luminescent system is a preferred 
embodiment of the invention. Since neither the 
phage, nor the bacteria emit light by themselves, 
the level of light subsequent to infection can be 

70 used to detect the presence of bacteria and the 
amount of light emitted reflects the number of 
phage-bacterium complexes. In the presence of 
excess phage the amount of light reflects the con- 
centration of bacteria. Using this technique less 

75 than 10 4 Escherichia coli cells/ml can be detected 
within one hour (Fig. 1). When a sample containing 
bacteria was concentrated by filtration through Mil- 
lipore HA 0.45 micron filters, concentrations as low 
as 10 cells/ml could be detected. 

20 In the presence of an antibiotic to which the host 
cell is sensitive, the infecting phage cannot com- 
plete its lytic cycle and the amount of light emitted 
is reduced or no light is emitted. Antibiotics that 
block DNA, RNA or protein synthesis were tested 

25 and shown to lower the output of light. Antibiotics 
that affect cell wall synthesis or membrane integrity 
gave similar results. Thus, if a given type of bac- 
terium is detected by infection with phage carrying 
luminescence genes, the susceptibility of the bac- 

30 terial host to antibiotics can be rapidly determined 
by examining the effect of an antibiotic on light 
emission. 

The presence of bacteria can also be detected by 
enzymatic means using transduction. The presence 

35 of sufficient bacterial cells and the infection thereof 
by a bacteriophage carrying a gene coding for 
beta-galactosidase results in the de novo synthesis 
of beta-galactosidase whose presence and activity 
may be determined by enzymatic assay. The 

40 greater the number of infected complexes, the 
greater the amount of enzyme formed. 
A similar experiment was performed using a X 
bacteriophage carrying the gene for tryptophanase 
and a bacterial strain deficient for this activity. 

45 Again the presence of these bacteria led to en- 
zyme formation, albeit at relatively high concentra- 
tions of cells (10 9 cells/ml). 
Bacteriophage generally can only grow on some or 
all strains within a given single species of bacteria. 

so Occasionally a given type of bacteriophage can 
infect several species but these are almost always 
found to be closely related. By choosing appro- 
priate bacteriophage types, the test for bacteria can 
be made as specific as desired. This means that 

55 not only can the presence of bacteria be detected 
in this test but also the presence or absence of 
specific types of bacteria can be rapidly deter- 
mined. For example, if the detection of Escherichia 
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coti is desired, a mixture of phages whose host 
ranges span all known strains of this species and 
which carry luminescence genes, would allow the 
rapid specific detection of this species. 

Claims 

1. A method for detecting and identifying the 
presence of a target microorganism in a sam- 
ple suspected of containing one or more un- 
known microorganisms, comprising the steps 
of: 

(a) providing a genetically engineered DNA 
vector containing a genetic system which 
comprises DNA coding for the expression of 
one or more proteins required for a detect- 
able function in said target microorganism, 
which function is not a normal metabolic 
function of said target microorganism or es- 
sentially not expressed in said target mi- 
croorganism, said vector being capable of 
the selective introduction of said genetic 
system into said target microorganism by 
infection; 

(b) exposing said sample to said vector 
under conditions whereby said vector intro- 
duces said genetic system into said target 
microorganism if present by infection; 

(c) expressing said detectable function in 
said target microorganism present in said 
sample; and 

(d) detecting expression of said detectable 
function, thereby to detect and identify the 
presence of said target microorganism in 
said sample. 

2. A method according to Claim 1, wherein said 
microorganism is a bacterium, and wherein 
said genetic system is transferred by transduc- 
tion using plasmid or bacteriophage vectors. 

3. A method according to Claim 2, wherein said 
introduced genetic system comprises a natural 
or recombinant DNA sequence or functional 
parts thereof coding for luciferase, and wherein 
said genetic system is detected in said bac- 
terium by the emission of light. 

4. A method according to Claim 3, wherein said 
genetic system is derived from Vibrio fischeri 
or other microbial source. — 

5. A method according to Claim 4, wherein said 
genetic system comprises recombinant DNA 
attached to an expression control sequence 
capable of effecting the expression of said 
genetic system in said bacterium. 



6. A method according to Claim 5, wherein trans- 
fer of said genetic system involves transduc- 
tion and said vector is a bacteriophage com- 
prising recombinant DNA packaged in a capsid 

s and said bacteriophage recognizes the genus 

of said bacterium and subspecies thereof. 

7. A method according to Claim 6, wherein said 
bacteriophage is XL28 (ATCC No. 40183), or 

70 XL4 or functional mutants thereof. 

8. A method according to any one of Claims 2-7, 
wherein said DNA transfer is performed in the 
presence of autoinducer of the genetic system 

75 or functional parts thereof. 

9. A method according to Claim 8, wherein an 
aldehyde is added to the milieu in which said 
DNA transfer is carried out. 

20 

10. A method according to Claim 5, wherein a 
transposon is used to construct a bac- 
teriophage containing all or part of the genetic 
system. 

25 

Patentanspruche 

1. Verfahren zur Detektion und Identifizierung des 
Vorliegens eines Targetmikroorganismus in ei- 
30 ner Probe, von der angenommen wird, 6aB sie 

ein oder mehrere unbekannte Mikroorganismen 
enthalt, umfassend die Schritte: 

(a) Bereitstellen eines gentechnisch herge- 
stelrten DNA-Vektors, enthaltend ein geneti- 

35 sches System, umfassend DNA, die zur Ex- 

pression eines oder mehrerer Proteine ko- 
diert, die erforderlich sind fur eine detektier- 
bare Funktion in dem Targetmikroorganis- 
mus, wobei die Funktion nicht eine normale 

40 metabolische Funktion des Targetmikroor- 

ganismus darsteltt oder im wesentlichen 
nicht in dem Targetmikroorganismus expri- 
miert wird, und wobei der Vektor zur selekti- 
ven EinfOhrung des Gensystems in den Tar- 

45 getmikroorganismus iiber Infektion in der 

Lage ist; 

(b) die Probe diesem Vektor aussetzen un- 
ter Bedingungen, unter denen der sofern 
durch Infektion vorliegende Vektor in das 

so genetische System im Targetmikroorganis- 

mus eingefuhrt wird; 

(c) Exprimieren der detektierbaren Funktion 
in dem Targetmikroorganismus, der in der 
Probe vorliegt; und 

55 (d) Detektieren der Expression der detek- 

tierbaren Funktion, urn dadurch die Anwe- 
senheit des Targetmikroorganismus in der 
Probe zu detektieren und identifizieren. 
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2. Verfahren nach Anspruch 1, wobei der Mikro- 
organismus ein Bakterium ist und wobei das 
genetische System durch Transduktion unter 
Verwendung von plasmidischen oder bakterio- 
phagen Vektoren Ubertragen wird. 

3. Verfahren nach Anspruch 2, wobei das einge- 
fuhrte genetische System eine fur Lucif erase 
kodierende naturliche oder rekombinante DNA- 
Sequenz oder funktionelle Teile davon umfaflt 
und wobei das genetische System in dem Bak- 
terium durch Lichtemission detektiert wird. 

4. Verfahren nach Anspruch 3, wobei das geneti- 
sche System abgeleitet ist von Vibrio fischeri 
oder anderer mikrobieller HerkunfT 

5. Verfahren nach Anspruch 4, wobei das geneti- 
sche System rekombinante DNA, gebunden an 
eine Expressionskontrollsequenz umfaBt, die in 
der Lage ist, die Expression des genetischen 
Systems in dem Bakterium zu bewirken. 

6. Verfahren nach Anspruch 5, wobei die Ubertra- 
gung des genetischen Systems Transduktion 
einschlieflt und der Vektor ein Bakteriophage 
ist, der rekombinante DNA in einem Kapsid 
umhullt, umfaflt und der Bakteriophage die 
Bakteriengattung und Unterarten davon er- 
kennt. 

7. Verfahren nach Anspruch 6, wobei der Bakte- 
riophage XL28 (ATCC Nr. 40183) oder XL4 ist 
oder funktionelle Mutanten davon. 

8. Verfahren nach einem der Anspruche 2 bis 7, 
wobei die DNA-Ubertragung in Gegenwart ei- 
nes Autoinducers des genetischen Systems 
oder funktionellen Teilen davon ausgefOhrt 
wird. 

9. Verfahren nach Anspruch 8, wobei ein Aldehyd 
dem Milieu, in dem der DNA-Transfer ausge- 
fUhrt wird, zugegeben wird. 

10. Verfahren nach Anspruch 5, wobei ein Trans- 
poson verwendet wird, urn einen Bakteriopha- 
gen zu konstruieren, der die Gesamtheit oder 
Teile des genetischen Systems enthalt. 

Revendications 

1. Proc£de pour detecter et identifier la presence 
d'un microorganisme cible dans un echantillon 
soupgonne* de contenir un ou plusieurs mi- 
croorganismes inconnus, comprenant les Sta- 
pes suivantes : 



(a) fournir un vecteur a ADN gen£tiquement 
remanie contenant un systeme genetique 
qui comprend de TADN codant pour I ex- 
pression d une ou plusieurs proteines ne- 

5 cessaires a une fonction detectable dans 

ledit microorganisme cible, cette fonction 
n'etant pas une fonction metabolique nor- 
male dudit microorganisme cible ou n'etant 
essentiellement pas exprimee dans ledit mi- 

70 croorganisme cible, ledit vecteur etant capa- 

ble de r£aliser Introduction selective dudit 
systeme genetique dans ledit microorgani- 
sme cible par infection ; 

(b) exposer ledit echantillon audit vecteur 
75 dans des conditions dans lesquelles ledit 

vecteur introduit par infection ledit systeme 
g§n6tique dans ledit microorganisme cible 
si celui-ci est present ; 

(c) exprimer ladite fonction detectable dans 
20 ledit microorganisme cible present dans le- 
dit echantillon ; et 

(d) detecter ['expression de ladite fonction 
detectable, pour detecter et identifier ainsi 
ta presence dudit microorganisme cible 

25 dans ledit echantillon. 

2. Proc£de* selon la revendication 1, dans lequel 
ledit microorganisme est une bacteVie et dans 
lequel ledit systeme genetique est transfere 

30 par transduction en utilisant des vecteurs pla- 

smidiques ou bacteriophagiques. 

3. Proc£de* selon la revendication 2, dans lequel 
ledit systeme genetique introduit comprend 

35 une sequence d'ADN naturelle ou recombinan- 

te ou des parties fonctionnelles de celle-ci 
codant pour ia luciferase, et dans lequel ledit 
systeme genetique est detecte dans ladite 
bacteVie par remission de lumiere. 

40 

4. Precede" selon la revendication 3, dans lequel 
ledit systeme genetique est derive de Vibrio 
fischeri ou d'une autre source microbienne. 

45 5. Proc£de* selon la revendication 4, dans lequel 
ledit systeme genetique comprend de I'ADN 
recombinant attache" a une sequence de regu- 
lation depression capable d'effectuer Tex- 
pression dudit systeme genetique dans ladite 

so bacteVie. 

6. Proc£d6 selon la revendication 5, dans lequel 
le transfert dudit systeme genetique s'opere 
par transduction et ledit vecteur est un bacte- 
55 riophage comprenant de I'ADN recombinant 

encapside* dans une capside et ledit bacterio- 
phage reconnaTt le genre de ladite bacterie et 
ses sous-especes. 
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7. Proceed selon la revendi cation 6, dans lequel 
ledit bacteriophage est XL28 (ATCC N° 40183) 
ou XL4 ou des mutants fonctionnels de ceux-ci. 

a Proc^de* selon Tune quelconque des revendi- 5 
cations 2 a 7, dans lequel ledit transfert d'ADN 
est effectue en presence d'un auto-inducteur 
du systeme g£n£tique ou de parties fonction- 
nelles de celui-ci. 

10 

9. Proc^de* selon la revendication 8, dans lequel 
un aldehyde est ajoute au milieu dans lequel 
est effectue ledit transfert d'ADN. 

10. Procede selon la revendication 5, dans lequel 75 
un transposon est utilise pour construire un 
bacteriophage contenant la totality ou une par- 
tie du systeme genetique. 
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